The NMR 31 P -T Li spin-spin coupling constants, 1 Jpij, in LiPH2 and LiP(CH3)2 monomers and LiPH2 oligomers were calculated by the ab initio self-consistent perturbation method. The calculated 1 JPLi values of the monomers depend largely on hybridization of the Ρ atom; pyramidal forms have much smaller 1 JPLj values than planar forms. The 1 JpLi value also depends on solvation. Both the planar and pyramidal structures are suggested for lithium phosphide monomers in solution. The 1 JPLi value of the cyclic dimer also depends on solvation and is reduced by 40 % when two H20 molecules Eire coordinated at each lithium atom. The cyclic trimer is predicted to have a 1 JPLi value similar to that of the cyclic dimer, although the 2 JPP values in the cyclic dimer and trimer are largely different from each other.
Introduction
Lithium phosphides are widely used as organophosphide transfer reagents and their structures are important to understand the reactivity of organolithium reagents. The structures of these compounds have been investigated in solution [1] [2] [3] [4] [5] [6] [7] [8] [9] and in the solid state [6] [7] [8] [9] [10] .
Colquhoun et al. reported the first 1 JPLi value of 45 Hz for lithium diphenylphosphide LiPPh2 which forms a cyclic dimer [la] . They also observed a cyclic trimer of LiPHPh whose 1 JPLi value was 39 Hz in diethyl ether [lb] . Zschunke et al. measured NMR spectra of eleven alkyl-and aryl-substituted lithium phosphides in ethereal solutions and demonstrated that these lithium phosphides exist mostly in cyclic dimers and have the 1 JPj,i value of 36-55 Hz [3] . Also, they detected the lithium phosphide monomer LiP (3,5-i-Bu2CeH3)(i-Bu) in THF( 1 JPLi=48 Hz) and in diethyl ether( 1 JPLi =56 Hz) [3] . Very recently, Reich and Dykstra observed LiPPh2 as a monomeric species in the ether/HMPA solution whose 1 JPLI value was 47.6 Hz [4] .
Hitchcock et al. reported extremely large 1 JPLi values in C6D6, 122 Hz for the monomer LiP (CH (SiMe3)2)2(NMe2(CH2)2NMe2) and 80 Hz for the cyclic dimer (LiP(CH(SiMe3)2)2)2 [7] . It is thus very interesting and important to examine theoretically the 1 JpLi values for lithium phosphides in relation to their molecular structures and solvation states.
A few theoretical investigations have been effected for the energetics of LiPH2 [10, 11] , However, there have been no reports on the 1 JPLi value in lithium phosphides in connection with the molecular geometry in solution. In previous studies [12, 13] , we calculated one-bond coupling constants 1 JCLi in (CH3)3CLi and 1 JsiLi in (CH3)3SiLi using the self-consistent perturbation theory (SCPT) with the MIDI-4* basis set and found that this method gives the one-bond coupling constants which are in excellent agreement with experiment when electron donor ligands are coordinated at the lithium atom. In the present study, we have applied the ab initio SCPT to lithium phosphide monomers, LiPH2 (1) and LiP(CH3)2 (2), and the (LiPH2)2 dimer (3) and the (LiPH2)3 trimer (4) which are models for the experimentally-observed compounds, and have elucidated their molecular structures in solution on the basis of the calculated 1 JPL; values. In the calculation of the solvated states, H 2 0 was used as a model for ether-type solvent molecules and coordinated at lithium atoms. Geometries were optimized under the restriction of the symmetry of C 2v for the planar(pl) species, C, for the pyramidal(pr) species, D 2 I, for S, and D 3h for 4. In the 6-31G* calculations, the geometry of the methyl groups in 2 was fixed (r(C-H) = 1.093 Ä, Z.(HCH) = 109.5°). The x J PLi and 2 J PP values were calculated using the SCPT method [16, 17] ; the detailed procedure has been reported elesewhere [12, 13] .
Results and Discussion LiPH 2 and LiP (CH 3 ) 2 Monomers. The molecular structures were optimized for the planar (pi) and pyramidal (pr) forms for 1 and 2. The calculated energies of 1, 2 and their solvated models are listed in Table I . For LiPH 2) a pyramidal conformation lpr is favoured over a planar form lpl as pointed out by earlier calculations [10, 11] ; the energy differences reported are 7.3 kcal/mol (MP4/6-31+G(2d,2p)) [11] and 5.5 kcal/mol (6-31G**) [10] . The present MIDI-4* calculations gave a slightly larger value for the energy difference between lpr and lpl. The energy difference between lpl and lpr is reduced by the coordination of the H 2 0 ligands at the lithium atom.
For LiP(CH 3 ) 2 , MIDI-4* calculations predicted that the pyramidal form 2pr is more stable than the planar form 2pl by 3.9 kcal/mol. This is much smaller than the energy difference between lpr and lpl, 9.6 kcal/mol, and the alkyl groups substituted at the Ρ atom reduce the energy difference between planar and pyramidal forms significantly. In the case of 6-31G* calculations, there was no energy minimum corresponding to 2pr; the geometry optimization for 2pr gave the planar form 2pL Present calculations suggest that the relative stability between pr and pi forms depends largely on substituents and solvation, and both the planar and pyramidal forms are possible structures for lithium phosphides in solution. "Structures were optimized under the restriction of C 2v symmetry for pi species and C, symmetry for pr species. ^Geometry optimization gave the 2pl structure. "Structures were optimized under the symmetry restriction of C2v for pi species, C, for pr species, D2k for 3 and £>3A for 4. 6 The values for r(P-C) and ZCPC for 2. 0 Angle between the P-Li bond and the PH2 or PC2 plane. d ZLiPLi = 2Θ. "Structures were optimized under the symmetry restriction of C2v for pi species, C, for pr species, D2h for 3 and D3h for 4. The structure of CH3 groups were fixed(r(C-H) = 1.093 Ä and ZHCH = 109.5°).
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l The values for r(P-C) and ZCPC for 2. c Angle between the P-Li bond and the PH2 or PC2 plane. d ZLiPLi = 2Θ. "Geometry optimization gave the structure of 2pl.
function of the bending angle of the P-Li bond, Θ, from the PH 2 plane. Figure 1 shows that the 1 J PLi value depends largely on Θ, suggesting that theoretical estimation of the 1 Jpj,i value is largely affected by the predicted Θ angle. The J pu values of 48-56 Hz were experimentally observed for monomeric lithium phosphides in ethereal solutions [3, 4] . The present calculations indicate that lithium phosphide monomers are in the pyramidal forms with two solvent molecules at the lithium atom. A large 1 Jp L i value, 122 Hz, was observed for lithium phosphide monomer with TMEDA at the lithium atom in C e D e [7] , As is seen in Fig. 1 , 1 J PLi is affected largely by hybridization change of the Ρ atom, and a planar or nearly planar form is plausible for the monomeric lithium phosphide with a large 1 Jpxa value.
The J PLi values of 2pl are slightly larger than the corresponding species of lpl. The MIDI-4 value in the unsolvated 2pr is much larger than that in lpr. The Θ angles in their optimized structures are largely different, 87° in lpr and 66° in 2pr, indicating that the methyl groups reduce the degree of pyramidalization of the phosphorus atom, which makes the 1 J PLi value in 2pr large. 
